Background: The integrated approach to malaria prevention, which advocates for the use of several malaria prevention methods at households, is being explored to complement other existing strategies. We implemented a pilot project that promoted the integrated approach to malaria prevention in two rural communities in Wakiso district, Uganda. Objectives: This paper presents the impact evaluation findings of the project carried out 2 years after implementation with a focus on changes in knowledge and practices on malaria prevention. Methods: The project evaluation was cross-sectional in design and employed both quantitative and qualitative data collection methods. The quantitative survey was conducted among 540 households (household heads being participants) while the qualitative component involved 4 focus group discussions among community health workers (CHWs). Chi-square test was used to compare quantitative results from the evaluation with those of the baseline while thematic analysis was employed for qualitative data. Results: There was a statistically significant positive change in malaria prevention practices in the evaluation compared with the baseline regarding indoor residual spraying (χ2 = 7.9, p = 0.019), mosquito screening of windows and ventilators (χ2 = 62.3, p = 0.001), and closing windows of houses before 6:00 pm (χ2 = 60.2, p < 0.001). The CHWs trained during the project were found to be highly knowledgeable on the various malaria prevention methods in the integrated approach, and continued to promote their use in the community. Conclusion: Findings of the impact evaluation give promise that utilisation of integrated malaria prevention can be enhanced if use of multiple methods is promoted in communities.
Introduction
Malaria continues to cause severe morbidity and mortality in sub-Saharan Africa. In 2015, Uganda ranked fourth among highest malaria burden countries in the WHO African region 1 . To reduce the burden of malaria, global and national mosquito vector control programmes are mainly using long lasting insecticidal nets (LLINs) and indoor residual spraying (IRS).However, with increased exposure to mosquito bites outside bedtime hours 2 and resistance to insecticides 3 , there is need to explore other methods and practices that can reduce the occurrence of malaria. To complement existing malaria prevention interventions, other important measures can be used at households to significantly reduce mosquito vectors which transmit malaria. These include improving housing quality notably installing screening in ventilators and open eaves to prevent entry of mosquitoes; larval source management; and early closing of windows and doors on houses 4, 5, 6 . While these malaria prevention methods have been shown to individually contribute to reducing the occurrence of the disease, there is need for more evidence on their use in a holistic approach to complement existing strategies 3 . The integrated approach to malaria prevention, which advocates use of several malaria prevention methods at households, is therefore being explored to reduce the burden of the disease. Such multi-interventional approaches have been used in control of other diseases such as HIV/AIDS and those affecting the cardiovascular system 7, 8 .
We previously implemented a pilot project using the integrated approach to malaria prevention in two rural communities in Wakiso district, Uganda
9
. This project involved advocating and implementing several methods in a holistic manner geared towards reduction in mosquito populations in the communities and households. The specific malaria prevention methods promoted were use of insecticide treated nets (ITNs); IRS; insecticide sprays; removal of mosquito breeding sites; larviciding; installing mosquito screening in windows, ventilators and open eaves; and closing windows and doors early in the evenings. In the pilot project, we conducted a baseline survey on malaria prevention; trained community health workers (CHWs) and sensitised the community on integrated malaria prevention; and established 40 demonstration households implementing the integrated approach to malaria prevention within the community 9 .
The fundamental theory of change was to use the pilot project to improve knowledge and practices on malaria prevention in the community which would contribute to reduction in the occurrence of the disease and its associated consequences. The baseline survey conducted provided information on knowledge and practices on malaria prevention 10 that informed and guided implementation of project activities. The training of CHWs and sensitisation of the community was aimed at improving knowledge, attitudes and practices on malaria prevention. The establishment of demonstration households was for the community to learn from them and appreciate use of the integrated approach hence lead to increased utilisation of the various malaria prevention methods.
An initial project (endline) evaluation undertaken highlighted benefits of the project to the community that included improvement in knowledge and practices on malaria prevention 9 . However, this evaluation was done immediately after its implementation hence the long-term impact of interventions could not be determined. Having only carried out an endline assessment necessitated an impact evaluation conducted 2 years after project implementation to establish any long-term benefits of the project. This paper presents findings from the impact evaluation of the project that promoted the integrated approach to malaria prevention in two rural communities in Wakiso district, Uganda.
Methods

Study area
The impact evaluation was carried out in Lukose and Mayanzi villages in Wakiso district located in the central region of Uganda. Wakiso district encircles Kampala, the capital city of the country and is rapidly becoming urbanised. The study villages are predominantly rural with inhabitants carrying out several activities including agriculture, animal farming and small-scale business. As Mayanzi village is located near the shores of Lake Victoria, some residents were specifically involved in fishing. Brick making is a common economic activity in Lukose village and a source of livelihood for part of the population.
Study design and data collection
The impact evaluation, conducted 2 years after implementation of the pilot project, was cross-sectional in design and employed quantitative and qualitative data collection methods. The quantitative survey was conducted among 540 households in the 2 villages in Wakiso district, Uganda where the pilot project was implemented. The questionnaire and observational checklist used during the baseline survey (carried out among 376 households) was employed for the impact evaluation to measure changes in knowledge and practices in malaria prevention following the project's interventions (including sensitisation and demonstration households). Whereas the questionnaire assessed knowledge and practices on malaria prevention, the checklist was used to establish environmental risk factors for malaria at households. The malaria prevention methods and risk factors assessed were use of mosquito nets (treated or untreated), IRS, time of closing of windows, screening of ventilators and windows, presence of stagnant water, use of insecticide sprays, and presence of overgrown vegetation near houses. Presence of stagnant water and overgrown vegetation assessed using the observational checklist were established within 5 metres from houses. Households involved in the quantitative survey were selected using systematic sampling, the sampling interval for each village obtained based on the estimated number of households therein. The reference household for systematic sampling was randomly selected in each village. The sampling procedure used in the impact evaluation was as employed in the baseline survey . The study population were members of the community while participants were household heads or any other responsible adults found at home during data collection. Only one participant from each selected household was involved in the study. The qualitative component of the study involved 4 focus group discussions (FGDs) among the CHWs who were trained on integrated malaria prevention in the pilot project. The 4 FGDs were sufficient to reach data saturation for the key issues being assessed in the impact evaluation. Two FGDs were conducted in each of the study villages and comprised of between 6 to 8 members. The FGDs were used to explore the CHWs' knowledge on the integrated approach to malaria prevention, their role in promoting use of multiple malaria prevention methods in the community, and community practices on preventing malaria. Photographs of the 40 demonstrations houses using integrated malaria prevention established during the pilot project 10 were taken with particular emphasis on screening installed in windows and ventilators.
Data analysis
Quantitative data was entered in SPSS version 17 (Chicago, Illinois, USA) and analysed in STATA version 12 (College Station, Texas, USA) statistical software. Frequencies and percentages from the impact evaluation were compared with those from the baseline survey to assess changes in knowledge and practices on malaria prevention in the community following implementation of the pilot project. Knowledge was assessed by awareness on individual malaria prevention methods and also multiple interventions using a scale. The knowledge assessment scale was derived from the question that established the malaria prevention methods participants were aware of. The probable responses to the knowledge question were use of untreated mosquito nets, ITNs, mosquito coils, insecticide sprays, skin mosquito repellents, taking preventive medicine, removing mosquito breeding sites, and any other method mentioned. Participants who were aware of either none or only 1 method were categorised as having no / low knowledge; those aware of 2 to 4 methods were categorised as having medium knowledge; while those aware of 5 or more methods where categorised as having high knowledge. The chi-square test was used to compare the quantitative results from the impact evaluation with those of the baseline survey to measure statistically significant change in the community. For the qualitative component, FGDs were tape recorded and transcribed verbatim in Luganda, the main local language used in central Uganda. The transcription was then validated by the principal investigator and another researcher. Thereafter, the typed narratives were translated into English and verified for accuracy by a researcher who was skilled in both languages. A list of codes was initially developed from the study objectives while others were identified after reviewing the transcribed data several times. The codes employed in the analysis were used to describe groups of words that had related or similar meaning. Atlas ti version 6.0.15 qualitative data analysis software was used to code and analyse the data. Using thematic analysis, emerging themes from the data were created, that were the basis of the qualitative results from the evaluation.
Ethical considerations
The study was approved by the institutional review boards of Cardiff School of Health Sciences, UK and Makerere University School of Public Health, Uganda. The study was also registered at the Uganda National Council for Science and Technology. Village leaders were informed about the study and written informed consent obtained from participants (including heads of the demonstration households) before taking part. All participation in the study was voluntary.
Results
Demographics of participants
Many categories of demographic information of participants of the impact evaluation were generally comparable to those of the baseline survey [such as participants aged 25 -34 years (33.8% versus 35.4%); and households earning between 20 and 60 US dollars per month (49.2% versus 48.7%) for the baseline survey and impact evaluation respectively]. However, there were differences between the baseline survey and impact evaluation in a number of variables including occupation (χ2 = 30.09, p<0.001) and household size (χ2 = 34.10 p<0.001) ( Table 1) . Knowledge on malaria transmission and prevention Although majority of participants in the baseline survey (89.9%, n = 337) were aware that malaria was transmitted through mosquito bites, awareness was higher in the impact evaluation (97.2%, n = 525). More participants in the impact evaluation (91.7%, n = 495) were aware of ways to avoid getting malaria compared to the baseline survey (68.4%, n = 257). Knowledge on one or more malaria prevention methods was higher in the impact evaluation (90.6%, n = 489) in comparison to the baseline survey (67.6%, n = 254). From the knowledge assessment scale, more participants in the impact evaluation (66.5%, n = 359) had medium knowledge on malaria prevention methods compared to the baseline survey (51.9%, n = 195). However, a few participants had high knowledge on malaria prevention methods in both the baseline survey (0.8%, n = 3) and impact evaluation (3.0%, n = 16) while those with low /no knowledge were higher in the baseline survey (47.3%, n = 178).
Knowledge on sleeping under untreated mosquito nets to prevent malaria was lower in the impact evaluation (67%, n = 362) compared to baseline survey (82%, n = 308). However, there was a slight increase in knowledge of ITNs in the impact evaluation (32%, n = 173) in comparison with the baseline survey (30%, n = 113). Knowledge on use of mosquito skin repellents (23%, n = 124 versus 14%, n = 53), and removal of mosquito breeding sites (51%, n = 275 versus 7%, n = 26) was higher in the impact evaluation in comparison with the baseline survey respectively (Figure 1 ). However, from the knowledge assessment scale which assessed knowledge on multiple malaria prevention methods, no statistically significant difference in knowledge was observed in the impact evaluation group compared with the baseline survey (χ2 = 1.87; p = 0.392). From the FGDs, CHWs were highly knowledgeable about the various malaria prevention methods advocated in the integrated approach. These included sleeping under ITNs, screening of houses, removing mosquito breeding sites, and early closing of doors on houses. However, they noted that although they continued to promote these malaria prevention methods in their communities, some section of the population were not keen to learn about them. It was also established that to further increase community knowledge on malaria prevention, continuous sensitisation by personnel who were not members of the villages was needed. This was because the CHWs were at times despised by some members of the community due to being accustomed to them and also their generally low education status. Below are quotations demonstrating high knowledge of CHWs and related issues regarding integrated malaria prevention in the community. 
Practices on malaria prevention
The positive changes in practices on malaria prevention between the impact evaluation and baseline survey that were statistically significant were use of IRS in the previous twelve months (χ2 = 7.9; p = 0.019), presence of mosquito screening in windows and ventilators (χ2 = 62.3; p < 0.001), and closing windows before 6.00pm (χ2 = 60.2; p = 0.001). However, there was a statistically significant negative change between the impact evaluation and baseline survey regarding presence of stagnant water in compounds (χ2 = 12; p = 0.001) ( Table 2) . CHWs reported that they promoted use of several malaria prevention methods in the community during their routine work including management of childhood illnesses. Some of the methods had been embraced by the community such as removing mosquito breeding sites. However, several challenges were identified for the nonuse of other methods. Indeed, although methods such as screening of houses to prevent mosquito entry were appreciated by many households, they lacked resources required to have such screens installed. From the FGDs, it was established that the screens installed in the windows and ventilators of the demonstration houses of the pilot project (Figures 2, 3 and 4) continued to be seen by community members in addition to the CHWs sensitisation. Sleeping under mosquito nets was also found to partly lead to complacency regarding use of other malaria prevention methods. Some of the challenges are demonstrated in the quotations below. Although sleeping under treated mosquito nets was predominantly used to prevent malaria, it was noted from the FGDs that the community was mainly using those provided by the government free of charge with only a few households buying new nets. Even households that could afford to buy nets often waited to receive those for free. However, the nets provided by the government had become old and needed replacement. There was also low use of certain methods in the community such as IRS, mosquito coils, insecticide sprays and larviciding due to concerns about the potential effects on health as shown in the quotations below. 
Discussion
This study demonstrates improvement in knowledge in some individual methods as well as practices on malaria prevention following interventions of the pilot project. However, there was no statistically significant improvement in knowledge of multiple malaria prevention methods. CHWs trained during the pilot project were knowledgeable on the various methods in integrated malaria prevention, and were involved in promoting improved practices in the communities. The findings of the impact evaluation suggest a general improvement in promotion and utilisation of integrated malaria prevention in the community following implementation of the pilot project. The differences observed in some demographic characteristics of participants of the impact evaluation in comparison to the baseline survey could be due to the relatively long time (over 2 years) between the two surveys.
From findings of the quantitative component of the impact evaluation, there was increase in knowledge on individual malaria prevention methods in the integrated approach such as use of mosquito skin repellents, and removal of mosquito breeding sites in comparison with the baseline. The community sensitisation carried out during the intervention is likely to have contributed to increase in knowledge in the community. Indeed, studies have shown that interventions aimed at creating awareness on public health issues contribute to increase in knowledge among populations 11, 12, 13 . However, from the knowledge assessment scale, changes in knowledge on multiple malaria prevention methods in the integrated approach in the impact evaluation in comparison with the baseline survey was not statistically significant. This could be an indication that the interventions of the project led to increase in knowledge on individual methods but with little influence on multiple methods. The lack of increase in knowledge on multiple methods may be attributed to the short duration of intervention phase of the pilot project (1 year). Moreover, malaria campaigns within the country only focus on a few prevention methods that could have ended up being entrenched in people's minds. Future programmes aimed at promoting the integrated approach to malaria prevention therefore need to intensify efforts of sensitisation and for longer durations so as to significantly influence changes in knowledge on multiple methods for greater public health impact.
CHWs trained during the project were found to be highly knowledgeable on the various malaria prevention methods in the integrated approach. These volunteers continued to promote the use of multiple malaria prevention methods in their villages, and are key in improving knowledge and practices on malaria control as has been established elsewhere 14 . However, several hindrances such as laziness and complacency of community members were identified as factors limiting communities from embracing many of the methods as has been found in other studies in sub-Saharan Africa 15, 16 . It has also been shown in some malaria endemic communities that at times people do nothing to prevent the disease even when knowledgeable on methods that can be used 17, 18 . This complacency in malaria prevention could be due to individuals being accustomed to the disease hence seeing no need for appropriate practices. It is therefore critical that such attitudes are changed by stakeholders concerned with malaria control in endemic countries such as health practitioners so as to reduce morbidity and mortality associated with the disease.
It was established that there was a significant positive change in malaria prevention practices in the impact evaluation compared with the baseline survey regarding use of IRS (χ2 = 7.9, p = 0.019), mosquito screening of windows and ventilators (χ2 = 62.3, p < 0.001), and closing windows of houses before 6:00 pm (χ2 = 60.2, p < 0.001) which were promoted in the pilot project. The interventions implemented in the project should therefore have contributed to the improvement in practices on malaria prevention in the community. Among the improved practices were house screening, and early closing of windows which are not among core current global and national malaria prevention efforts 1 . This implies that practices on malaria prevention beyond ITNs and IRS could improve if promoted extensively in communities. Indeed, although malaria prevention practices beyond ITNs and IRS are low in many malaria endemic communities 17, 18, 19 , community based programmes targeting several malaria prevention methods have reported improvements 20 as was the case in this study. Therefore, utilisation of various malaria prevention methods could increase if campaigns targeting them are implemented as part of malaria control programmes. The statistically significant negative change regarding presence of stagnant water in compounds is likely due to the fact that data was collected at different times of the year for the baseline survey and impact evaluation. Indeed, it is known that mosquito breeding sites are more numerous in the rainy season (as was the case during the impact evaluation) in comparison with when it is dry 21 . Nevertheless, it is important to remove all present pools of stagnant water in communities irrespective of the season due to the occasional rains even during dry periods so as to reduce potential mosquito breeding sites. The main challenges identified during the impact evaluation from the FGDs among CHWs regarding utilisation of multiple malaria prevention methods were cost and negative attitude towards some of them. These challenges in malaria prevention practices were also identified in the baseline survey of the project 10 . This implies that even with interventions to promote integrated malaria prevention such as sensitisation (as was the case in the project), issues such as poverty in rural communities, which affect expenditure on malaria prevention, have an impact on practices. Indeed, poverty has been found to be a hindrance in use of various malaria prevention methods including ITNs and IRS 22, 23, 24 . Side effects such as skin irritation and smell resulting from use of insecticide-based methods has also been found elsewhere 25 . More sensitization of communities is therefore required so as to reduce the negative perceptions about methods that use insecticides as well as increase knowledge on their correct use to minimise side effects.
A limitation of the study is that being a non-experimental impact evaluation without a comparison group, changes in knowledge and practices on malaria prevention in the study community could have been contributed to by other sources beyond interventions of the pilot project. These other sources of information on malaria prevention could have come from government programmes during national campaigns such as distribution on LLINs including through mass media. Therefore, the improvement in knowledge and practices on malaria prevention in this research cannot be solely attributed to the interventions implemented during the project. Nevertheless, as the demonstration households using the integrated approach to malaria prevention that were established during the project reported benefits such as reduction in number of mosquitoes in their houses and less occurrence of malaria as presented in our earlier paper 26 , the interventions should have had a considerable positive impact in the community. Improvement in knowledge and practices on malaria prevention attributable to the interventions was also established during the endline evaluation conducted at the end of the project 9 . In addition, from the FGDs conducted among CHWs trained on the integrated approach, it was demonstrated that the community knowledge and practices were enhanced by the interventions implemented during the project. It should be noted that although knowledge and practices were assessed in the evaluation, changes in morbidity and mortality could have been established as a measure of impact of the project. However, assessment of malaria morbidity and mortality was beyond the scope of the impact evaluation.
Conclusion
There was improvement in knowledge as well as practices on malaria prevention following interventions of the pilot project. Findings of the impact evaluation give promise that knowledge and practices on integrated malaria prevention can be enhanced if the use of multiple methods are promoted in communities. In addition, CHWs have a key role in promoting integrated malaria prevention particularly in rural communities in endemic countries.
